JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by University of Birmingham | http://www.library.bham.ac.uk

Communication

Light-Induced Modulation of Self-Assembly on
Spiropyran-Capped Gold Nanoparticles: A Potential System
for the Controlled Release of Amino Acid Derivatives
Binil Itty Ipe, S. Mahima, and K. George Thomas

J. Am. Chem. Soc., 2003, 125 (24), 7174-7175+ DOI: 10.1021/ja0341182 « Publication Date (Web): 23 May 2003
Downloaded from http://pubs.acs.org on March 29, 2009

360 nm ]\ 520 nm

< - .NQ
&H st %0
W\O\@ —p Amino acid
derivatives

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 19 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0341182

JIAIC[S

COMMUNICATIONS

Published on Web 05/23/2003

Light-Induced Modulation of Self-Assembly on Spiropyran-Capped Gold
Nanoparticles: A Potential System for the Controlled Release of Amino Acid
Derivatives

Binil Itty Ipe, S. Mahima, and K. George Thomas*
Photosciences and Photonics:Bion, Regional Research Laboratory (CSIR),z7@ndrum 695 019, India

Received January 10, 2003; E-mail: georgetk@md3.vsnl.net.in

The design of nanostructured molecular architecture through the
“bottom-up approach” offers a wide range of possibilities, particu-
larly due to the size-dependent optoelectronic properties of nano-
materials, for the construction of newer types of hybrid organic
inorganic system&:2 Chemical linkage of biologically relevant

molecules such as proteins, peptides, carbohydrates, lipids, and

DNA to gold nanoparticles has led to the development of novel
probes for biochemical investigation, with better sensitivity and
greater penetration through tissd#eBhe quantized capacitance is
yet another interesting property of Au nanoparticles capped with
organic molecule®°and this has been recently exploited for the
electrochemical modulation of fluorescence on nanostructured

films.5¢ Furthermore, nanoparticle arrays and superstructures on
surfaces are promising in sensory applications and possess severafcheme 1.

advantages over single-monolayer arr&yerein we report the
design of the first photoswitchable double-shell structure on a Au
nanoparticle core, consisting of photochromic spiropyran as the first
shell (Au-SP), which regulates the assembly and release of an outer
shell of an amino acid derivative on irradiation.
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The rationale behind the design of light-mediated self-assembly
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Figure 1. Absorption spectra of (&3P, (b) Au—SP, and (c)Au-MC and
(d) emission spectrum &u-MC (excitation at 520 nm). Inset: TEM image
of Au-SP.
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The broad absorption observed in the visible regionXofSP

is attributed to the surface plasmon absorption of gold nanopatrticles,
which is significantly dampened as well as broadened (characteristic
of smaller Au nanoparticl€s Based on the particle size (diameter
of 1.5-2.0 nm), approximately 130 molecules P are capped

on each nanoparticle. Irradiation Afi-SP in methanol with a 360-

nm band-pass filter resulted in the formation of an absorption band
around 500 nm (trace c in Figure 1), which corresponds to the

is based on the fact that the discrete photoisomeric states offormation of the zwitterionic merocyanine formAg-MC) as

spiropyrans exhibit distinctly different physical propertiddnder
dark conditions, the majority of spiropyran molecules exist in their
“closed” spiro form (colorless and nonpoldf)hich when excited
with UV light undergo photoisomerization to the “open” merocya-
nine form (highly polar and zwitterionic), absorbing in the visible
region. The ring closure to the spiropyran form can occur either
thermally or by exposure to visible radiation. The ability of
zwitterionic merocyanines to bind with charged molectileas
further exploited for organizing a second layer of amino acid
derivatives around the coreshell structures.

The photochemical ring opening &P as well as the thermal/
photochemical ring closure of the merocyanine form is similar to

represented in Scheme 1 (the isomer equilibrium constant of the
chromophore at the photostationary state was estimated as 0.25;
see Supporting Information).

Photoswitching ofAu-SP was investigated in the presence of
various amino acid derivatives such iagryptophan,L-tyrosine,
L-DOPA (note thatL-DOPA is effective for the treatment of
Parkinson’s disease and hypertension), @amdethyl+-DOPA. The
absorption ofAu-SP remains unaffected on addition of a saturated
solution of various amino acid derivatives under dark conditions
(e.g., trace ain Figure 2A), ruling out the possibility of any ground-
state interactions. Formation of a visible absorption band (trace b
in Figure 2A) was observed on irradiation with a 360-nm band-

that of other reported spiropyran systems. Absorption spectra of pass filter. In contrast to the quick thermal ring closuréafMC

spiropyran-capped gold nanoparticlas-SP (trace b) an@P (trace
a) in methanol are presented in Figure 1.
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in the absence of amino acids, an initial decrease in the intensity
of the visible absorption band was observed and the absorbance

10.1021/ja0341182 CCC: $25.00 © 2003 American Chemical Society
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Figure 2. (A) Absorption spectra of (a) a methanolic solutionfaf-SP
containingL-DOPA (42 mM), (b) immediately after irradiation with UV
light (360-nm band-pass filter), (c) after 2 h, (d) after further irradiation
with visible light (520-nm band-pass filter), and (e) after subsequent
irradiation with UV light (360-nm band-pass filter). (B) Changes in
fluorescence intensity &fu-MC at 640 nm in the presence of (ajyrosine
(14.2 mM), (b).-DOPA (42 mM), and (c).-tryptophan (16.7 mM) and (d)

in the absence of amino acid derivatives.

persisted, indicating the stabilization of the zwitterionic merocyanine
form (trace c in Figure 2A). The two-point electrostatic interaction
between the zwitterionic merocyanine form on Au nanoparticles
and amino acid derivatives may result in the formation of a stable
complex (e.g.,Au-MC::::L-DOPA complex), which in turn
prevents the thermal ring closure 8u-MC (Scheme 1). The
zwitterionic nature of the open form of spiropyran derivatives was
utilized earlier for the transport of tryptophan across bila§fersd
membrane& Comparison of traces b and c in Figure 2A indicates

with a long lifetime 3 ns), was observed in the presence of
tryptophan. The long-lived species is assigned taAheVIC : : : :
tryptophan complex, and its relative abundance increased with
increasing tryptophan concentration. The two-point electrostatic
interaction betweerAu-MC and tryptophan may restrict the
torsional dynamics of merocyanine, leading to longer lifetimes.

In conclusion, we have demonstrated the photoswitchable self-
assembly of various amino acid derivatives by anchoring spiro-
pyrans onto the three-dimensional surface of Au nanoparticles. It
is possible to control the local concentration of amino acid on the
Au nanoparticle scaffold by suitably regulating the number of
spiropyrans capped on the surface. The ability of these systems
for light-mediated binding and release of molecules offers intriguing
possibilities for designing drug delivery systems with controlled
release abilities. The site-specific binding properties of Au nano-
particles observed in biological systems make them more attractive
for such applications.
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gets complexed with amino acid derivatiisThe Au-MC: : : :
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amino acid complex dissociates on photoirradiation at 520 nm and  gypporting Information Available: Experimental section including

undergoes thermal ring closureAa-SP, releasing the amino acid
derivatives (trace d in Figure 2A), and the complexation/dissociation
cycles could be repeated many times. Further AleMC: : ::
amino acid complexes were quantitatively characterized using

steady-state and time-resolved fluorescence techniques. The details

the synthesis and characterizationfaf-SP, SP, and its intermediates,
details of the photophysical investigations, and singlet lifetime data
(PDF). This material is available free of charge via the Internet at http://
pubs.acs.org.
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